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Ten patients with normal sinus node function were eval•
uated prospectively, to determine whether the decrease 
in blood pressure during rapid atrial pacing shortens 
the corrected sinus node recovery time. All patients had 
30 seconds of atrial pacing at cycle lengths from 600 to 
300 ms, with continuous arterial pressure monitoring, 
before and after intravenous administration of propran•
olol (0.2 mg/kg body weight) and atropine (0.04 mg/kg). 
In the control state, a decrease in corrected sinus node 
recovery time was recorded with faster atrial pacing 
rates, which was significantly related to the initial drop 
in systolic blood pressure at the onset of atrial pacing. 
Specifically, as the initial pressure drop increased from 
15 mm Hg or less to 16 to 45 and 45 to 100 mm Hg, 
corrected sinus node recovery time decreased from 272 
Autonomic reflexes have long been known to have a sig•
nificant effect on heart rate and on the sinus node recovery 
time. Spontaneous variability in the sinus node recovery 
time and its lack of sensitivity in patients with known sinus 
node dysfunction (1) have dampened the enthusiasm for its 
use in clinical decision making. Significant improvement in 
the clinical utility of the sinus node recovery time has been 
shown after autonomic blockade with propranolol and atro•
pine (2,3). Recent studies (4) suggest that one of the mech•
anisms that may have an influence on sinus node recovery 
time is a decrease in systolic blood pressure during atrial 
pacing. Whether this phenomenon is affected by autonomic 
blockade has not been fully evaluated. Therefore. the pur-
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± 79 to 205 ± 70 ms (p < 0.04) and to 134 ± 120 ms 
(p < 0.04), respectively. In contrast, after autonomic 
blQckade, the corrected sinus node recovery time was 
prolonged, in a near linear fashion, as atrial pacing rates 
increased. The magnitude of blood pressure drop with 
atrial pacing did not differ signifi!:antly from that in the 
control state at similar pacing rates. 
These findings suggest that hypo~ension during rapid 
atrial pacing activates autonpmic reflexes that signifi•
cantly shorten the corrected sinus node recovery time. 
Autonomic blockade negates this effect and the corrected 
sinus node recovery time prolongs with faster atrial pac•
ing. 
(J Am Coll CardioI1986;7:1079-86) 
pose of our study was 1) to investigate whether the mag•
nitude of blood pressure decrease during atrial pacing is 
related to the shortening of corrected sinus node recovery 
time, and 2) to evaluate the effects of propranolol and atro•
pine on this relation. 
Methods 
Study patients. Ten patients between the ages of 23 and 
62 years were studied prospectively from October 1984 to 
March 1985 in the electrophysiology laboratory for the di•
agnosis of syncope or near syncope. Table 1 lists the pa•
tients' clinical characteristics and diagnosis. Informed con•
sent for routine electrophysiologic studies and autonomic 
blockade was obtained before the procedure. All patients 
had normal left ventricular function determined by nuclear 
gated blood pool studies, cardiac catheterization or ultra•
sound. No patient had known sinus node dysfunction or 
contraindications to beta-blocker or atropine administration. 
Patients with corrected sinus node recovery time in excess 
of 525 ms were excluded from the study. All medications 
known to affect sinus node function were withdrawn 48 
hours before the study. Sedation was provided with an oral 
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Table 1. Patient Characteristics 
Age (yr) BP IHR 
Case & Sex (mm Hg) (beats/mm) Symptom Clinical Diagnosis 
27F 114/64 116 Syncope No orgamc heart disease 
2 62F 168/84 95 Syncope Carotid hypersensitivity 
3 55M 161178 91 Syncope No organic heart disease 
4 27M 142172 113 Syncope WPW syndrome 
5 53M 142174 84 Syncope SIP CABG, March 1984 
6 36M 120/62 90 Syncope No organic heart disease 
7 23F 112/58 109 Near syncope A V nodal tachycardia 
8 54M 112/68 76 Syncope SIP CABG, 1978 
9 57M 110/55 82 Near syncope No organic heart disease 
10 54F 100/63 86 Syncope Mitral valve prolapse 
A V = atrioventricular; BP = blood pressure before atrial pacing; CABG == coronary artery bypass graftmg; 
F = female; IHR == intrinsic heart rate; M = male; SIP = status post; WPW = Wolff-Parkinson-White. 
benzodiazepine preparation and patients were in the post•
absorptive state. 
Recordings. Under local anesthesia, 6F quadripolar 
electrode catheters were introduced from the femoral vein 
and advanced so that the electrodes were within the high 
right atrium and right ventricular apex. Stimulation was 
performed through the distal pair of electrodes and recording 
from the proximal pair of electrodes. A 6F bipolar electrode 
catheter was introduced from the femoral vein and advanced 
to position the electrode across the tricuspid valve to record 
His bundle potentials. A 16 gauge, 6 inch (15.24 cm) cath•
eter was introduced from the femoral artery and advanced 
to the descending aorta to monitor blood pressure. Heparin 
(2,500 U) was administered intravenously in all patients. 
Potentials from the high right atrium, His bundle, right 
ventricular apex and three surface electrodes were monitored 
simultaneously with arterial blood pressure on a 12 channel 
oscilloscope (Electronics for Medicine, VR-12). Recordings 
were made at paper speeds of 25, 50 and 100 mm/s. 
Atrial pacing. Atrial stimulation was performed with a 
programmable stimulator (Bloom Associates) with a 2 ms 
pulse width at twice diastolic threshold. All patients under•
went pacing for 30 seconds from the high right atrium at 
cycle lengths ranging from 600 to 300 ms, the rate of pacing 
being decreased in 50 ms decrements. Shorter initial pacing 
cycle lengths were used if heart rate at rest was greater than 
100 beats/min. Atrial pacing was performed once at each 
pacing cycle length and was not performed at the next shorter 
cycle length after 2: 1 atrioventricular (A V) nodal block oc•
curred. This end point was chosen because it gave the op•
portunity for greatest overdrive suppression of the sinus 
node with minimal systolic blood pressure drop. The elec•
trocardiogram and arterial blood pressure were monitored 
continuously during the entire pacing period. Approximately 
45 to 60 seconds elapsed between pacing periods. Arterial 
blood pressure and the RR interval during sinus rhythm were 
measured before each atrial pacing cycle in the control state 
and after autonomic blockade. After routine electrophysi•
ologic testing was completed, propranolol (0.2 mg/kg at 
1 mg/min) and atropine (0.04 mg/kg over 3 minutes) were 
administered intravenously to all patients and the same atrial 
pacing protocol was repeated. 
Definition of terms. The following definitions are used 
in this report. 
1) The RR interval: the interval between R waves of the 
QRS complex during sinus rhythm averaged over five to 
eight consecutive beats, before each atrial pacing cycle, 
measured in milliseconds. 
2) Sinus node recovery time: the interval between the 
last paced atrial deflection to the onset of the first sponta•
neous atrial deflection in the high right atrial electrode. 
3) Corrected sinus node recovery time: the sinus node 
recovery time minus the sinus RR interval before pacing 
(normal defined as less than 525 ms). 
4) Sinoatrial conduction time: as previously described 
by Narula et al. (5) (values are divided by two in this report 
with the total value reflecting both entry into and exit from 
the sinus node). 
5) Initial drop in systolic blood pressure: the maximal 
decrease in systolic blood pressure from the prepacing value, 
recorded during the first 10 seconds after the initiation of 
pacing and lasting at least two beats. 
6) End of pacing blood pressure drop: the decrease in 
systolic blood pressure recorded during the last 2 seconds 
of pacing. In pacing cycles with A V nodal block, systolic 
blood pressure may vary with changing diastolic filling times 
and an average of four to six conducted complexes were 
taken in the last 2 seconds of atrial pacing. 
7) Mean systolic blood pressure drop during the entire 
pacing cycle: average decrease in systolic blood pressure 
measured at each 5 second interval during pacing. 
8) Intrinsic heart rate: the heart rate at rest after auto•
nomic blockade, using the regression equation and normal 
values described by Jose (6). 
9) AV nodal block: the presence of a 3:2 or 2:1 ratio of 
atrial to ventricular complexes during atrial pacing. 
Data analysis. We chose to analyze systolic arterial 
pressure because systolic changes were more marked than 
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diastolic changes and they are a reliable indicator of pressure 
in the arterial system. The paired t test was used for the 
following data: I) to compare maximal and minimal cor•
rected sinus node recovery time and the associated initial 
systolic blood pressure drop and pacing cycle length both 
before and after autonomic blockade; 2) to compare cor•
rected sinus node recovery time at the same pacing cycle 
length before and after autonomic blockade; 3) to compare 
mean values of each patient's corrected sinus node recovery 
times for three groups of initial systolic blood pressure drop 
both before and after autonomic blockade. Univariate and 
multivariate regression analysis was performed using a sta•
tistical software package (7). The dependent variable was 
corrected sinus node recovery time and independent vari•
ables were initial, mean and end of pacing blood pressure 
drop. The analysis was applied to the atrial pacing periods 
displayed in Figure I in the control state only for all 10 
patients. Statistical significance was set at the 5% level 
(p < 0.05). 
Results 
Patient characteristics. A total of 62 atrial pacing pe•
riods in the control state and 58 pacing periods after pro•
pranolol and atropine were analyzed in the 10 study patients. 
Propranolol and atropine infusion shortened the RR interval 
at rest from a mean of 761 ± 165 to 650 ± 91 ms (p < 
0.03, paired t test) and the intrinsic heart rate after auto•
nomic blockade was normal in each patient. Mean systolic 
blood pressure in the control state at rest was 128 ± 23 
mm Hg and was not significantly changed after autonomic 
Table 2. Comparison of Maximal and Minimal Corrected Sinus Node Recovery Time, Before 
and After Autonomic Blockade 
Maximal SNRTc Minimal SNRTc 
SNRTc ~BPi PCL SNRTc ~BPi PCL 
Case (ms) (mmHg) (ms) (ms) (mm Hg) (ms) 
Control (before autonomic blockade) 
4\0 0 550 40 -20 350 
2 350 -4 600 30 -64 350 
3 330 -67 300AVB 210 -9 600 
4 240 0 600 -160 -55 300 
5 260 -38 400 60 -100 350 
6 480 -8 600 130* -44 350 
7 160 -15 450 50 -22 400 
8 400 -15 500 200* -12 600 
9 360 0 350AVB 20 -62 450 
\0 430 -15 300AVB 150 -50 400 
Mean 342 -16 470 73 -44 415 
SO 98 21 123 108 29 \06 
p Value <0.001 <0.05 NS 
After Autonomic Blockade 
150 -40 300 70 -2 500 
2 270 -52 400 150 -2 600 
3 265 -64 350 230 -8 500 
4 2\0 -76 350 110 -6 500 
5 250 -30 300 160 -6 550 
6 315 -18 300AVB 160 3 600 
7 130 -20 300 90 -12 550 
8 330 -50 400 140 -3 600 
9 340 -20 300 185 5 600 
10 320 -27 350 200 -19 600 
Mean 258 -40 335 150 -5 560 
SO 74 20 41 49 7 46 
P Value <0.001 <0001 <0.001 
*Oata from pacing cycle length of 300 ms excluded because there was no blood pressure drop. The p values 
apply to corresponding values for maXimal and mmimal sinus node recovery time. A VB = A V nodal block 
mduced with atrial pacing; ~BPi = imtial systolic blood pressure drop from control, NS = not ,tatistlcally 
significant; PCL = pacing cycle length; SNRTc = corrected sinus node recovery time. 
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Figure 1. Relation between corrected si•
nus node recovery time (SNRTc) and pac•
ing cycle length in 10 control patients. 
Left, Five patients with a continuous de•
crease in corrected sinus node recovery 
time with shorter cycle lengths. Right, 
Five patients with a similar decrease in 
corrected sinus node recovery time with 
shorter cycle lengths until atrioventricular 
(A V) nodal block occurs, when corrected 
sinus node recovery time prolongs. At a 
pacing cycle length of 300 ms, Patients 
6 and 8 exhibit shortened corrected sinus 
node recovery time despite A V nodal 
block. 400 
Ai'CING CYCLE LENGTH (msec) Ai'ClNG CYCLE LENGTH (msec) 
blockade (paired t test). A V nodal block occurred in seven 
patients (eight pacing cycles) and in five patients (eight 
pacing cycles) after autonomic blockade. In no patient did 
A V nodal block occur at a pacing cycle length greater than 
400 ms. 
Effects of pacing cycle length on sinus node recovery 
time. In the control state, there was a general tendency for 
corrected sinus node recovery time to decrease with shorter 
atrial pacing cycle lengths until the shortest pacing cycle 
was reached. The relation between pacing cycle length and 
corrected sinus node recovery time is shown in Figure I, 
where two types of responses of corrected sinus node re•
covery time are seen at the shortest pacing cycle length. In 
five patients there was a general decrease in corrected sinus 
node recovery time as pacing cycle length was shortened. 
This was associated with a decrease in blood pressure in all 
patients, except during the shortest pacing cycle in Patients 
6 and 8, when A V nodal block occurred with no decrease 
in blood pressure. The responses of the other five patients 
again showed a decrease in corrected sinus node recovery 
time with shorter pacing cycle lengths until A V nodal block 
occurred, when there was an abrupt prolongation of sinus 
node recovery time. Patient 3 had a relatively flat response, 
in comparison with the other patients, before the shortest 
pacing cycle length. 
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After autonomic blockade, there was a general tendency 
for corrected sinus node recovery time to increase with 
shorter pacing cycle lengths until the shortest pacing cycle 
length was reached. The relation between pacing cycle length 
and corrected sinus node recovery time is shown in Figure 
2. where two types of responses of corrected sinus node 
recovery time are seen at the shortest pacing cycle length. 
In six patients there was a nearly linear increase in corrected 
sinus node recovery time as the pacing cycle length was 
decreased. In four patients a similar response is seen, except 
for the presence of a small decrease in corrected sinus node 
recovery time at the shortest pacing cycle. 
In Figure 3, the relation between corrected sinus node 
recovery time and pacing cycle length is seen in the form 
of paired data from all patients at each pacing cycle length 
before and after autonomic blockade. With shorter pacing 
cycle lengths, there is a decrease in corrected sinus node 
recovery time in the control state; in contrast, after auto•
nomic blockade. there is an increase in corrected sinus node 
recovery time. In addition, after autonomic blockade the 
changes in the corrected sinus node recovery time at dif•
ferent pacing cycle lengths were less marked than in the 
control state. 
Blood pressure changes with atrial pacing. There was 
a substantial drop in systolic blood pressure as atrial pacing 
600 500 400 300 600 500 400 300 
Figure 2. Relation between corrected 
sinus node recovery time (SNRTc) in 
10 patients after autonomic blockade. 
Left, Six patients with a linear increase 
in corrected sinus node recovery time 
with shorter atrial pacing cycles and 
right, four patients with similar pattern 
but with shortening of corrected sinus 
node recovery time at the shortest pac•
ing cycle. 
PACING CYCLE LENGTH (msec) PACING CYCLE LENGTH (msec) 
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Figure 3. Relation between corrected sinus node recovery time 
(SNRTc) and pacing cycle length, before and after autonomic 
blockade; paired data at each pacing rate. 
cycle lengths were shortened, especially to values below 
450 ms, before the development of AV block. The relation 
between pacing cycle length and initial, mean and end of 
pacing systolic blood pressure drop is seen in Figure 4. 
Autonomic blockade with atropine and propranolol did not 
significantly influence blood pressure drop when values at 
the same pacing cycle length were compared. 
Blood pressure changes and corrected sinus node re•
covery time. Figure 5 illustrates the relation between cor•
rected sinus node recovery time and initial systolic blood 
pressure drop before and after autonomic blockade in Patient 
1. In the control state, as initial systolic blood pressure drop 
increases, the corrected sinus node recovery time shortens 
from a maximum of 410 ms to a minimum of 40 ms. In 
Figure 4. Relation between systolic 
blood pressure change and pacing cycle 
length, before and after autonomic 
blockade in all 10 patients. Left, Initial 
systolic blood pressure drop (ilBPi); ~ 
middle, end of pacing systolic blood ~ 
pressure drop (ilBPe); right, mean sys- ! 
tolic blood pressure drop (ilBPrn). There 
was no significant difference between 
blood pressure changes before or after 
autonomic blockade at the same pacing 
cycle length. Pacing cycles with A V no-
t:.BPi 
contrast, after autonomic blockade, there is a gradual pro•
longation in corrected sinus node recovery time, despite an 
even greater blood pressure drop at the most rapid pacing 
cycle length. 
The initial systolic blood pressure drop in the 10 patients 
was classified into three groups (::s 15, 16 to 45 and 46 to 
100 mm Hg) (Fig. 6). Before autonomic blockade, the short•
ening of corrected sinus node recovery time was signifi•
cantly related to the magnitude of initial systolic blood pres•
sure drop. As initial systolic blood pressure drop changed 
from 15 mm Hg or less to 16 to 45 and 46 to 100 mm Hg, 
corrected sinus node recovery time decreased from 272 ± 
79 to 205 ± 70 ms (p < 0.04) and to 134 ± 120 ms (p < 
0.04), respectively. After autonomic blockade, however, 
increases in initial systolic blood pressure drop were ac•
companied by prolongation of corrected sinus node recovery 
time from 182 ± 69 to 226 ± 62 ms (p < 0.04) and to 
267 ± 31 ms (p < 0.05), respectively. 
The maximal and minimal corrected sinus node recovery 
times before and after autonomic blockade in each patient 
are shown in Table 2. In 8 of 10 patients, the initial systolic 
blood pressure drop associated with the minimal corrected 
sinus node recovery time was significantly greater than that 
associated with the maximal corrected sinus node recovery 
time. Before autonomic blockade, pacing cycle lengths for 
maximal and minimal corrected sinus node recovery times 
were not statistically different, partly because Patients 9 and 
10 had their maximal corrected sinus node recovery time at 
the shortest pacing cycle length, after the development of 
A V nodal block without marked hypotension. In contrast, 
in each patient after autonomic blockade, pacing cycle length 
was significantly shorter for the maximal than for the min•
imal corrected sinus node recovery time. 
Linear regression analysis was peiformed using the pooled 
data in Figure J for all 10 patients in the control state. 
Using univariate analysis, the best correlation between blood 
pressure drop and corrected sinus node recovery time was 
with initial systolic blood pressure drop (r = 0.48, P < 
t:.BPe ABPm 
• CONTROL 
o AUTONOMIC BLOCKADE 
I MEAN!8.0 
dal block are excluded. 600 500 400 300 600 500 400 300 600 500 400 300 
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0.001) followed by end of pacing systolic blood pressure 
drop (r = 0.38, P < 0.005) and, finally, mean systolic 
blood pressure drop (r = 0.34, P < 0.005). 
Sinoatrial conduction time after autonomic block•
ade. The sinoatrial conduction time decreased in all 10 
patients after autonomic blockade. The mean control value 
was 110 ± 32 ms, which shortened to 45 ± 16 ms after 
propranolol and atropine (p < 0.001, paired t test). 
Discussion 
Autonomic tone and sinus node recovery time. 
Autonomic responses to alterations in arterial blood pres•
sure have been well described. Sympathetic and parasym•
pathetic outflow can affect sinus node recovery time and 
sinoatrial conduction time in experimental animals (8,9) and 
humans (10-12). A decrease in initial systolic blood pres-
-35 -40 
Figure 5. Patient 1. Relation between cor•
rected sinus node recovery time (SNRTc) and 
initial systolic blood pressure drop (IlBPi), be•
fore and after autonomic blockade. PCL 
pacing cycle length, measured in ms. 
sure, when sustained for several cardiac cycles, has been 
shown to result in rapid activation of the sympathetic ner•
vous system, producing a compensatory rise in peripheral 
resistance (13-15). The latency period of both heart rate 
increase and recorded peripheral nerve sympathetic activity 
in response to induced hypotension is approximately several 
seconds (13,14). In addition, it takes less time (about 4 
seconds) to withdraw parasympathetic tone with induced 
hypotension than it does to reinitiate parasympathetic tone 
once blood pressure has normalized (about 9 seconds) (13). 
Thus, latency of parasympathetic return after an initial hy•
potensive event may contribute to the shortening of sinus 
node recovery time with 30 seconds of atrial pacing. In our 
study, the decrease in corrected sinus node recovery time 
correlated best with both magnitude of the initial hypoten•
sive trigger (initial systolic blood pressure drop) and pres•
ence of a sustained stimulus at the end of pacing (end of 
pacing systolic blood pressure drop). This should produce 
CONTROL AUTONOMIC BLOCKADE 
U 
CD 
rJl 
E ...., 
0 
I-a: z 
C/) 
500 I I Mean.1SEM 
400 f-p<0.04~ 
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300 I 
200 
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N=10 I 
I N=10 
N=7 
o~--~----~--~--~15mmHg 16-45mmHg >45mmHg 
(6.t2) (28.t3) (87i6) 
6.BPi (mmHg) 
I---P< 0.05---1 
I-P' NS-l 
J-p<0.04-1 
I 
I 
N=8 
I N=9 
N=10 
~15mmHg 18-45mmHg >45mmHg 
(4.11) (26.12) (57.13) 
6.BPi (mmHg) 
Figure 6. Comparison between corrected sinus node 
recovery time (SNRTc) and groupings of initial systolic 
blood pressure drop (IlBPi), before (left) and after 
(right) autonomic blockade. Each patient's corrected 
sinus node recovery times in each of three blood pres•
sure groups are averaged to give equal weighting, that 
is, pacing cycle length values from 600 to 450 ms 
would be averaged for the blood pressure group 15 mm 
Hg or less, for Patient 1 (Fig. 5). Note that not all 
patients had initial systolic blood pressure decreases 
greater than 45 mm Hg. Numbers in parentheses rep•
resent means ± SE for each blood pressure group. 
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the greatest sympathetic enhancement and parasympathetic 
withdrawal. 
Autonomic blockade and sinus node recovery time. The 
effects of autonomic blockade on sinus node recovery time 
in our study are similar to those described by Mason (16) 
in denervated transplanted human hearts. Specifically, Ma•
son found a marked reduction in individual variability in 
sinus node recovery time, a smooth and organized increase 
in recovery times at shorter atrial pacing cycle lengths and 
longest recovery times at shortest pacing cycle lengths, when 
comparing the denervated donor sinus node with the native 
innervated sinus node. Intrinsic overdrive suppression of 
the denervated sinus node increases with shorter pacing 
cycle lengths (before sinoatrial entrance block [17]) and is 
probably due to nonautonomic mechanisms, such as pacing•
induced changes in potassium flux with membrane hyper•
polarization (8,18). Likewise, atropine, which blocks the 
effects of pacing-induced acetylcholine release, has been 
shown to reduce, but not abolish, postdrive suppression 
(18). We found that before autonomic blockade, a decrease 
in sinus node recovery time occurs despite the probable 
greater sinus node overdrive suppression that should occur 
with faster atrial pacing. The influence of pacing-induced 
hypotension on the sinus node recovery time appears to be 
greater than the direct effects of overdrive suppression. The 
former effect may be mediated by baroreflexes. 
Individual variability in response to hypotension. 
Previous studies have shown a marked variation among 
normal subjects in recorded sympathetic outflow in response 
to alterations in blood pressure (14). This may explain in•
dividual variations in magnitude of hypotension required to 
shorten corrected sinus node recovery time, with each pa•
tient having a threshold below which sympathetic outflow 
increases. Hypertension at rest may increase this threshold 
and may have been responsible for a blunted decrease in 
corrected sinus node recovery time with pacing-induced hy•
potension in Patient 3. No similar association could be made 
in the other nine patients. 
With atrial pacing, sinus node recovery time usually 
shortens at pacing cycle lengths of 500 to 450 ms (10,19), 
but this may occur at cycle lengths as high as 600 to 650 
ms in some patients (1,4). Individual baroreceptor respon•
siveness may be responsible for this finding because the 
decrease in blood pressure with atrial pacing varies among 
individuals. We chose to study atrial pacing cycles from 
600 ms until the development of A V nodal block; thus, our 
data represent only the descending limb of previously re•
ported graphs of sinus node recovery time versus pacing 
cycle length (10). A pacing-induced drop in blood pressure 
did not occur at cycle lengths greater than 600 ms in our 
10 patients with normal left ventricular function. 
Sinus node recovery time and A V nodal block. In 7 
of 10 patients, A V block occurred during the fastest atrial 
pacing rates in the control state. The decrease in ventricular 
rate that accompanied the A V block lessened the pacing•
related drop in blood pressure in all seven patients and was 
accompanied by prolongation of sinus node recovery time 
in five patients and a decrease in sinus node recovery time 
in two patients. We postulate that the former response was 
due to less reflex sympathetic activation, with nearly the 
same degree of overdrive sinus node suppression, and the 
latter response was secondary to sinoatrial entrance block 
(17). This may also be the explanation for the slight decrease 
in corrected sinus node recovery time with the shortest pac•
ing cycle length in five patients after autonomic blockade. 
No clinical method for proving sinoatrial entrance block is 
currently available and therefore the explanation remains 
hypothetical. The possibility that sinoatrial entrance block 
contributes to the shortening of sinus node recovery time in 
patients in the control state before A V nodal block also 
cannot be excluded. 
Influence of the sinoatrial conduction time. Recent 
work by Gomes et al. (20) using direct sinus node recordings 
during atrial pacing has shown that a significant portion of 
the indirect measurement of sinus node recovery time in•
cludes the sinoatrial conduction time. In our study, all pa•
tients exhibited shortening of sinoatrial conduction time after 
autonomic blockade; however, direct sinus node recordings 
were not performed. Atropine and propranolol have been 
shown to shorten and prolong sinoatrial conduction time, 
respectively (3,11,12), and presumably autonomic effects 
on sinoatrial conduction time from reflex baroreceptor ac•
tivation would influence the observed sinus node recovery 
time. A significant portion of the shortening of sinus node 
recovery time with hypotension may be an autonomic•
mediated decrease in sinoatrial conduction time. This needs 
to be investigated in future studies utilizing direct sinus 
node recordings. 
Limitations of the study. The present analysis includes 
only systolic blood pressure changes because of their re•
sponsiveness to rapid pressure changes induced by atrial 
pacing. A pacing-induced fall in other hemodynamic vari•
ables such as mean arterial pressure, right atrial and pul•
monary capillary wedge pressures may also have an influ•
ence on sinus node recovery time. In addition, a potential 
error could have been introduced in this study by a variable 
pause after the last paced beat in pacing cycles with A V 
block. 
Conclusions. The magnitude of decrease in systolic blood 
pressure with atrial pacing at incremental rates has a sig•
nificant influence on the shortening of sinus node recovery 
time in humans. Autonomic blockade negates this effect and 
sinus node recovery time prolongs with faster atrial pacing, 
suggesting a significant influence of baroreflexes on the 
sinus node. The relative importance of sinus node overdrive 
suppression at increasing pacing rates versus the magnitude 
of blood pressure drop and its resultant baroreflex-mediated 
effects on the sinus node have been examined. Other factors 
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such as sinoatrial entrance block and local pacing-induced 
catecholamine release may also play a significant role in 
this decrease in sinus node recovery time. Future studies on 
sinus node automaticity and sinoatrial conduction in which 
rapid atrial pacing is to be performed should include mea•
surement of blood pressure to provide meaningful insight 
into normal and abnormal sinus node function. 
We are grateful to Stanley Rubin, MD for his review of the manuscript 
and to Lance Laforteza for the preparation of illustrations. 
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